agnetic resonance imaging (MRI) depicts cerebral tissue without need for contrast media in cerebral pathologies and gives detailed information on cerebrospinal fluid (CSF) and CSF flow pathways. In addition, physiopathologic evaluations including studies on CSF flow dynamics can be carried out by using cine-phase contrast techniques without need for invasive procedures such as contrast media injection or catheterization (1, 2).
PURPOSE
The aim of this study was cerebrospinal flow quantification in the cerebral aqueduct using cine phase-contrast magnetic resonance imaging (MRI) technique in both sexes and five different age groups to provide normative data.
MATERIALS AND METHODS
Sixty subjects with no cerebral pathology were included in this study. Subjects were divided into five age groups: ≤14 years, 15-24 years, 25-34 years, 35-44 years, and ≥45 years. Phase, rephase, and magnitude images were acquired by 1.5 T MR unit at the level of cerebral aqueduct with spoiled gradient echo through-plane, which is a cine phase-contrast sequence. At this level, peak flow velocity (cm/s), average flow rate (cm/ s), average flow (L/min), volumes in cranial and caudal directions (mL), and net volumes (mL) were studied.
RESULTS
There was a statistically significant difference in peak flow between the age group of ≤14 years and the older age groups. There were no statistically significant differences in average velocity, cranial and caudal volume, net volume, and average flow parameters among different age groups. Statistically significant differences were not detected in flow parameters between sexes. CONCLUSION When using cine-phase contrast MRI in the cerebral aqueduct, only the peak velocity showed a statistically significant difference between age groups; it was higher in subjects aged ≤14 years than those in older age groups. When performing agedependent clinical studies including adolescents, this should be taken into consideration.
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Diagn Interv Radiol 2009; 15:227-231 192 × 256; duration, approx. 4 min. Velocity encoding (Venc) was selected as 20 cm/s in all cases. Directional programming was selected as positive for caudocranial direction and negative for craniocaudal direction in the software. Total examination duration was approximately fifteen minutes, including electrode placement, T2-weighted sequence, and SGE through-plane sequence acquisitions.
The acquired SGE through-plane images were transferred to Argus postprocessing program. In all cases, CSF flow was initially evaluated qualitatively following acquisitions of phase, rephase, and magnitude images. While the flow in the cerebral aqueduct had high signal intensity in rephase and magnitude images, cranial flow had high signal intensity and caudal flow had low signal intensity in phase images. Images were magnified so the aqueduct could be seen optimally. As the flow and the contrast between the aqueduct and the adjacent cerebral structures were more prominent in rephase and magnitude images, a circular region of interest (ROI) was placed carefully on each image manually in one of those series. CSF flow changes throughout one cardiac cycle were extracted automatically from the program by velocity-time, peak velocity-time, flow-time, and net flow-time graphics ( Fig.) . In these graphics, the area In all cases, cardiac gating was performed with MR compatible electrodes (Kendall, Arbo, Tyco International, Neustadt, Germany). A localizer was placed on cerebral aqueduct, perpendicular to ampullar region of the aqueduct on sagittal T2-weighted images; care was taken to be sure that the localizer line passed through the aqueductal plane on axial images. Using the above-mentioned T2-weighted image, axial images of spoiled gradient echo (SGE) through-plane sequence, which is the cine-phase contrast MRI sequence in the software, were acquired. The measurement parameters of this sequence were as follows: TR/TE/ NEX/FA, 43/12/1/10°; slice thickness, 3 mm; gap, 1 mm; FOV, 160 mm; matrix, For each individual, aqueductal area (mm²); aqueductal peak flow velocity (cm/s); average flow rate (cm/s); average flow (L/min), calculated by average velocity × area of ROI); volumes in cranial and caudal directions (mL) in a cardiac cycle; and net volumes (mL), which are the sum of both amounts, were obtained quantitatively and with graphics.
Statistical analysis was performed using the SPSS statstical program. For double group comparison (between the group ≤14 years and other age groups), post hoc Mann-Whitney U test was used and for multiple group comparison, Kruskal-Wallis variance analysis was used. Multiple comparisons between sexes were performed by Student t test. Variable correlations (positive and negative correlations between age and flow parameters) were tested by Spearman rho rank test. Statistical significance was established at P < 0.05.
Results
For all patients aqueductal area was in a range of 1.2-4.8 mm 2 (mean, 2.6). Four of the cases had an aqueductal area less than 1.5 mm 2 (1.2 mm 2 being the lowest).
The mean flow parameter values were calculated with standard deviations (Table 1) . While there was significant difference among age groups for peak velocity with Kruskal-Wallis variance analysis, there was no significant difference among other variables. On correlation study done by post-hoc Mann-Whitney U test, the peak velocity values in the 14 and younger group was found significantly higher than 15-24, 25-34, and 35-44 age groups (P < 0.01, P < 0.05, and P < 0.01, respectively). There was no significant difference between the peak velocity values of groups aged ≤14 years and ≥45 years. Although the average velocity, cranial, and net volume parameters were decreased, and average flow and caudal volume parameters were increased with age, the results were not statistically significant. While significant reverse-correlation between age and peak velocity was found (P < 0.05), no significant correlation was observed between age and other parameters. Also, without considering the age differences, there was no statistically significant difference between sexes (Table 2) .
Discussion
Cine phase-contrast MRI has many advantages including non-invasiveness, no need for patient preparation or contrast media injection, no X-ray exposure, and an overall examination duration less than 15 min.
Today, although the high resolution imaging units are in use, there are still errors about velocity data. The reasons for the occurrence of these errors are reported as non-linearity of the gradients, eddy currents, partial volume effects, and error in ROI placement (5, 12, 13) . In cases with narrow aqueducts, the error rate can increase due to difficulty in ROI placement (14) . Reliable flow quantification is reported to be feasible if the diameter of the lumen is greater than 1.5 mm 2 (15) . In our study, four cases had an aqueductal area less than 1.5 mm 2 , 1.2 mm 2 being the lowest. However, these individuals did not have significant differences fom the rest of the cases concerning flow parameters. Mean aqueductal area values were between 2.01-3.10 mm 2 (mean, 2.67) according to age groups, whereas this value was between 1.2 and 4.8 mm 2 (mean, 2.35) independent of age. These results are consistent with the findings of studies in the literature (9, 16, 17) . The comparison (14) . Generally, the chosen Venc in aqueductal flow studies in the literature vary between 15 and 20 cm/s (10, 12, 15, 18) . Based on our experience and reports in the literature we chose Venc as 20 cm/s. On the other hand, in patients who are predicted to have higher Venc, a higher value should be chosen. Cardiac gating can be achieved either prospectively or retrospectively. In our study we used prospective gating, which is the generally available form (12) . The duration of prospective gating is longer than the retrospective form. The acquisition stops within about 200 ms of the next R wave for accurate detection of the next trigger. Thus the entire cardiac cycle (particularly the diastolic phase) is not evaluated. These are the disadvantages of prospective gating compared to the retrospective form.
Two changes in CSF circulatory physiology have been noted as part of aging: first, a trend towards lower CSF production, hence a decrease in CSF turnover; and second, greater resistance to CSF outflow (18, 19) . Silverberg et al. suggest that if CSF production failure predominates, Alzheimer disease develops and if resistance to CSF outflow predominates, normal pressure hydrocephalus develops (19) . On the other hand, Luetmer et al. found similar CSF flow rates in normal elderly patients, patients with Alzheimer disease, and patients with other forms of cognitive impairment (excluding normal pressure hydrocephalus), which suggests that flow rates are independent of cerebral atrophy (20) . Slightly higher aqueductal CSF peak flow velocities and volume flow in both cranial and caudal directions were found in the group of elderly healthy volunteers, however, this was not statistically significant (5, 21) . In various studies, aqueductal peak velocities are reported to show great physiologic variations, independent of age (1.5-12.7 cm/s) (5, 8, 10, 14, 15) . In our study, the peak velocities were found between 1.41 and 11.67 cm/s. For peak velocity, a statistically slight difference was found between ≤14 years age group and 15-24, 25-34, and 35-44 years age groups. There were no statistically significant differences among the other groups. Although, the age dependent nonsignificant results in flow parameters were in consistency with the studies in the literature (4, 5, 14, 18, 20) , the only difference was the slight statistical difference between ≤14 years age group with the other groups.
Because there are few studies concerning adolescents, and these studies include small numbers of subjects, no comparison could be performed for this age group. In our study, we divided the individuals into five groups according to their ages including the adolescent age group ≤14 years. When the statististical difference between the adolescent group and the other age groups is taken into consideration, even though the difference is slight, we think that this difference should be considered in future clinical studies. (5) . None of the above studies were performed with multiple age groups, and none included the adolescent age group. In our study, cranial, caudal, and net volume values were 0.002-0.034, 0.005-0.044, and 0.001-0.044 mL, respectively, independent of age. We think that these results represent normal physiologic variations.
In cine phase-contrast MR examination of aqueductal flow, average velocity, cranial and net volume parameters, average flow and caudal volume parameters of all age groups were not statistically significant. As for peak velocity, a statistically significant difference was found between age groups, which is consistent with other studies in the literature (22, 23) . İskandar and Haughton stated that peak CSF velocities vary significantly with age, and to determine the normalcy of a CSF flow measurement, it should be compared with age-appropriate normative data (22) . Stoquart-ElSankari et al. concluded that CSF stroke volumes were significantly reduced in the elderly (23) . In our study, there were no statistically significant differences among the other groups. Sex also had no statistically significant effect on flow parameters.
As a conclusion, in this study including a large number of cases, all of the peak velocities were within 1.41-11.67 cm/s range. As there were no meaningless high values, the values that are considerably larger than 11.67 should be used as clinicopathologic data in future studies. On the other hand, even though we have found net volume values in the 0.001-0.044 mL range independent of age, which seems quite wide, we think that values higher than 0.044 would be useful in future clinical studies.
